The solvation descriptors for cyclohexanone oxime and acetone oxime have been obtained from measurements on water-solvent partitions, and gas-liquid 
Introduction
The oximes were important derivatives of aldehydes and ketones, often used for identification in the 19 th and early 20 th century. Their use as derivatives has declined, but a number of oximes are important. Nifuroxime is a drug, and diacetylmonooxime is a cholinesterase reactivator. In order to predict physicochemical and biochemical properties of the oximes, a knowledge of their Abraham descriptors 1, 2 (or solvation parameters) is needed. One of the key descriptors is the overall, or effective, hydrogen bond acidity, A, in which we were particularly interested, especially as we have recently developed a new method for the experimental determination of this parameter. 3 In this work, we showed that the difference (Δδ) in the As we have pointed out, 1 the overall or effective hydrogen bond acidity, A, is the important type of acidity when considering processes in which a solute is in dilute solution and surrounded by solvent molecules, or is present in the gas phase as an isolated molecule. A related acidity is the 1:1 hydrogen bond acidity, α 2 H , in which a solute complexes with a hydrogen bond base in an inert solvent such as tetrachloromethane. 1, 4 The defining equations for α 2 H are eqn (1), 4 where K is the 1:1 complexation constant for an acid against a reference base B, eqn (2) in which log K is put on a general scale of hydrogen bond acidity K A H , and finally eqn (3) is known, the general equation, eqn (4), 7 can be used to estimate the 1:1 complexation constant of the oximes or of the hydroxylamine with any base for which the 1:1 hydrogen bond basicity β 2 H has been determined. [8] [9] [10] [11] Log K = (7.354* α 2
Of more practical utility is the overall hydrogen bond acidity, A, which is one of the descriptors in our linear free energy relationships, LFERs, eqn (5) and eqn (6).
In eqn (5) and eqn (6) and L is the logarithm of the gas to hexadecane partition coefficient at 25 o C. Eqn (5) is used for transfer of solutes from one condensed phase to another, and eqn (6) is used for processes that involve the transfer of solutes from the gas phase to a solvent phase. The dependent variable, SP, is a set of solute properties in a given system. For example, SP in eqn (5) could be the water-to-octanol partition coefficient, as log P oct , and SP in eqn (6) could be a gas-to-solvent partition coefficient or some measure of gas chromatographic retention. The coefficients in eqn (5) and eqn (6) are evaluated through multiple linear regression analysis (MLRA).
The use of eqn (5) and eqn (6) in the determination of descriptors has been described in detail, 2 and numerous examples are available. [13] [14] [15] [16] In brief, equations on the lines of eqn (5) Cyclohexanone oxime and acetone oxime are solids, but a number of lower oximes are liquids whose refractive index has been measured, 19 and for which we have calculated E, see Table 3 . Also included are values of E calculated from the ACD refractive index, 18 and values of E calculated through the PharmaAlgorithm (PHA) program. 17 The ACD values are all too low, but the PHA values show good agreement with the experimental values. We take the PHA value of 0.58 for cyclohexanone oxime and a value of 0.39 for acetone oxime (slightly larger than that for butanone oxime). much better to have a larger number of equations and then to find the best solution of the equations by trial-and-error, the best solution being the values of the descriptors that provide the best fit of calculated and experimental SP values. We used the procedure in Microsoft 'Solver' to obtain the best fit descriptors. We can extend the number of equations through eqn (7), where P s is a water-to-solvent partition coefficient, K s is the corresponding gas-to-solvent partition coefficient, and K w is the corresponding gas-to-water partition coefficient. In the case of a solvent such as octanol, that takes up a considerable amount of water when in equilibrium with water, both log P s and log K s refer to the water-saturated octanol. Then eqn (7) can be applied provided that log K w as obtained for pure water is the same for water saturated with octanol. There is a considerable amount of experimental evidence that log K w is indeed the same, within any realistic experimental error, for water and octanol saturated water, 20 and so eqn (7) can be applied to wet octanol as well as to solvents that take up only very small quantities of water.
If we allow the value of log K w to float, we have increased the number of 'descriptors'
to be determined from four to five. However, the log P s values for the four solvents listed in Table 4 then yield four extra log Ks values, and in addition we have two equations, one from eqn. (5) and one from eqn. (6) for log K w , making an extra six equations. In Table 4 are given the systems that we have used for cyclohexanone oxime, the coefficients in eqn (5) and eqn (6) , and the observed and calculated SP values. The extra equations lead to a total of 53 equations for which the SP values can be fitted with a standard deviation, SD, of only 0.063 log units with the descriptors shown in Table 5 . In eqn (8) , N is the number of compounds, R is the correlation coefficient, SD is the standard deviation and F is the F-statistic. There is also a set of GLC data on a PerkinElmer column that includes acetone oxime. 22 The relevant equation is eqn (9), making a total of 16 equations for acetone oxime. Details of the calculations for acetone oxime are in Table 6 ; the standard deviation between observed and calculated values is only 0.040 log units. 24 i.e for cyclohexanone oxime 0.9 mol dm -3 ).
The chemical shift of the OH proton in oximes in CDCl 3 solvent is known to be concentration dependent 6 due to inter-molecular hydrogen bonding; thus a dilution experiment was performed in CDCl 3 solution on cyclohexanone oxime to obtain the ∞ dilution chemical shift required for this study. The oxime concentration was decreased until the OH chemical shift showed very little change with concentration (Table 7) . The concentrations were measured by using the integral of the α CH 2 protons of the oxime with respect to the residual CHCl 3 peak. The results are given in Table 7 . The plot of δ (OH) vs concentration is linear until a dilution of ca 0.06 mol dm -3 is reached when the plot is essentially independent of concentration. Thus the value of 4.45ppm may be regarded as the ∞ dilution chemical shift in this experiment.
However the OH peak of the oxime at the lowest concentration measured was a broad peak of intensity 2H, with respect to the α CH 2 protons of the oxime (see above). This value was interpreted as due to the oxime OH (intensity 1) plus trace amounts of water present despite careful drying of the CDCl 3 solvent over molecular sieves.
There is rapid exchange on the NMR time scale between the oxime OH proton and the water protons to give the broad peak observed. The chemical shift of this peak is therefore the weighted average of the chemical shifts of the oxime OH and the water protons. The ∞ dilution chemical shift of water in CDCl 3 solvent is 1.56ppm 25 and this gives, together with the observed value of 4.45ppm, the ∞ dilution value for the OH shift in cyclohexanone oxime as 7.34ppm. This value, when inserted into the A vs Δδ equation 3 gives an A value of 0.37. 
Discussion
The descriptors for cyclohexanone oxime have been derived from fits to 53 equations and can be regarded as soundly based. Those for acetone oxime are based on 16 equations, and so should also be quite reliable. The value of the hydrogen bond acidity descriptor, A, is 0.33 or 0.37 for cyclohexanone oxime and 0.37 for acetone oxime, as compared to the 1:1 hydrogen bond acidity 0.39 and 0.43, respectively, see Table 1 , and 0.43 for the NOH compound, N,N-dibenzylhydroxylamine, see Table 2 . Table 4 shows that the various equations that can be used in the calculation of descriptors For a few other oximes, water-to-octanol partition coefficients 26 and retention data by Zenkevich 21 are available, and we give in Table 8 approximate values for descriptors, with A fixed at 0.35 for the acyclic oximes, and at 0.33 for cyclopentanone oxime. 28 and Valko et al. 29 have shown that most of the common isocratic elution and gradient elution systems have similar coefficients, with rather small a-coefficients. Hence if HPLC systems are used, it is preferable to include some water-to-solvent partition systems as well as GLC systems.
Probably the best set of experimental data to use in order to obtain all the descriptors is a combination of retention data on GLC stationary phases and partition coefficients in a number of water-to-solvent partition systems, as we have used here.
Experimental Partition coefficients
Cyclohexanone oxime and acetone oxime were used as received. Solvents were preequilibrated with water, and the water saturated with the solvent and the solvent saturated with water were used in the experiments. Dilute solutions of the oximes in water were gently shaken with the organic solvent and left to equilibrate at 25 o C for 30 min. Portions of the organic layer and the aqueous layer were carefully withdrawn using hypodermic syringes and directly injected into a Perkin-Elmer F-33 gas chromatograph with a stationary phase of Carbowax 20M at 101 o C. The volumes withdrawn (Vo and Va) were arranged so that the area under the GC peaks was almost the same for the aqueous and organic layers. The ratio of the areas (Ao / Aw) could then be taken as the ratio of the quantities of oxime in the withdrawn volumes (Qo / Qa). Then the partition coefficient, P, is given by P = (Qo /Vo) / (Qa / Va) = (Ao / Vo) / (Aa / Va). The partition coefficients in each water-to-solvent system are given in Table 9 ; this includes a value for the water-to-octanol partition coefficient from the MedChem data base. 26 From the replicate measurements we estimate that the standard deviation is about 0.03 to 0.04 log units. Table 4 , together with coefficients for all the other equations used. Cyclohexanone oxime or acetone oxime were then injected onto a given phase together with standard compounds as references, and retention data obtained under the same conditions as the calibration. The coefficients in Table 4 refer to log tr', where tr' is the retention time relative to the standard. The system constants at each temperature were determined by calibration using 60-100 varied compounds exactly as before 30 and are summarized with the retention factors for cyclohexanone oxime in Table 4 ; k in log k is the gas to stationary phase partition coefficient.
NMR experiments
These were conducted exactly as described before. 
